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Description 

The invention relates to a process for the preparation of enantiomerically pure (S)- or 
(-R>4-nalo-3-hydroxybutyrates of formula 

5 

? H ft GS)-I or- ? H ft (/JH 

wherein R l is CH2X, CHX Z or CX 3 and X independently represents CI and/or Br and 
wherein. R 2 is Ci-6-alkyl, C3^s-cycloalkyi, aryl or aralkyl by asymmetric hydrogenation of 
10 4-halo-3-oxobutyrates of formula 



15 



JU i 



R 1 " OR 
wherein R 1 , R 2 and X are as defined above. 



Here and hereinbelow the term "enantiomerically pure compound 5 * comprises optically 
active compounds with an enantiomeric excess (ee) of at least 90 %. 



Here and hereinbelow the team "Ci-6-alkyl" represents a linear or branched alkyl group 
20 having 1 to 6 carbon atoms, for example methyl* ethyl, propyl, isopropyl, n-butyl, isobutyl, 
sec-butyl, tert-hutyl, pentyl and hexyl, which can be optionally further substituted by on& 
or more halogen atoms. 

Here and hereinbelow the term "C^-alkoxy" represents a linear or branched alko&y group 
25 having 1 to 6 carbon atoms, for example methoxy, efhoxy, propyloxy* isopropyloxy, 
rc-butyloxy, isobutyloxy, sec-butyioxy, ferf-butyloxy, which can be optionally further 
substituted by one or more halogen atoms. 

Here and hereinbelow the term "C3^-cycloalkyP* represents a cycloaliphatic group having 
30 3 to 8 carbon atoms, Le. cyclopropyl, cyclobutyl, cyciopeatyl, cyclohexyl, cycloheptyl and 
cyclooctyl. 



Here and hereinbelow the term "aryl" represents an aromatic group, preferably phenyl or 
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naphthyl, which is , optionally substituted with one or more halogen atoms, Ci ^-alkyl 
and/or Ci-4-alkoxy, wherein the alkyl and alkoxy substituents optionally are former 
substituted with one or more halogen atoms. 

5 Here and hereinbelow the term "aralkyl" represents a linear C^-alkyl moiety optionally 
further substituted by halogen atoms, which is connected to an optionally further 
substituted aryl moiety as defined above. 

Generally 3-hydroxybutyrates and derivatives thereof are useful key intermediates in 
10 preparative industrial chemistry. Among me derivatives especially ethyl CSM-chloro- 
3-hydroxybutyrate is an important building block for the preparation of HMG-CoA 
reductase inhibitors like Rosuvastatin® or Atorvastaun®. To provide said hydroxybutyrates 
in pharmaceutically acceptable qualities and to avoid costly separation of the enantiomers 
the processes for asymmetric hydrogenation should result in high ee, preferably in Ihe 

15 range of 90 to 100 %. 

Asynunetric hydrogenation is mostly carried out with chiral transition metal-ligand 
"^mplexes, wherein the "txahlafibn metal is rirflieriiurh or rhodium and wherein the ligands 
are often substituted chiral bidentate mphosphines. 

20 

WO-A-02/40492 discloses asymmetric hydrogenation of ethyl 4-cMoro-3-oxobutyrate 
using a catalyst ctmtaining a (o)-6-memoxy-5,6'-benzo-2^'-bis(diphenylphosphino)- 
biphenyl ligand. The (6>product is obtained with an ee of 83%. 

25 A new class of methylenedioxo and ethylenedioxo substituted diphosphine ligands and 
their use for the asymmetric hydrogenation of methyl 2-benzamidomethyl-3-oxobutyrate 
has been described in EP-A-0 850 945. Pai, C.-C. et al, Tetrahedron Lett. 2002, 43, 2789- 
2792 discloses the use of said ligands for the asymmetric hydrogenation of ethyl 4-chloro- 
3-oxobutyrate. 

30 

EP-A-0 955 303 describes the asymmetric hydrogenation of 4-methylene-2-oxetanone 
(diketene) to 4-methyl-2-oxetanone, a p-lactone of 3-hydroxybutyric acid using nnhenium 
iodo derivatives of the ligands disclosed in EP-A-0 850 945. 
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The technical problem to be solved by the present invention was to provide an alternative 
general process for the asymmetric hydrogenaiion of 4-halo-3-oxobutyrates to yield 
enantiomerically pure (Sy or (jR)-4-hak>-3 -hydroxybutyrates. 

5 

The problem could be solved according to the process of claim 1. 

The invention provides a process for the preparation of enantiomerically pure (£)- or 
(it)^haIo-3-hydroxybiityric acid esters of formula 




wherein R 1 is CHfeX, CHX 2 or CX 3 and X independently represents CI and/or Br and 
wherein R 2 is C^-alkyl, C^-cycloalkyl, aryl or aralkyl, each aryl or aralkyl being 
1 5 optionally further substituted with one or more Ci^-alkyl groups and/or halogen atoms, by 
asymmetric hydrogenation of 4-halo-3-oxobutyric acid esters of formula 
O O 

20 wherein R 1 , R 2 and X are as defined above 

in the presence of a catalyst of a ruthenium complex comprising a chiral ligand of formula 



25 




in. 



In a preferred embodiment R 1 is CEfeX and X represents CI or Br, more preferably R 1 is 
30 CH2X and X represents CI. 

WO 03/029259 discloses a process for the asymmetric hydrogenation of alky 1 and aryl 
derivatives of 3-oxoacid esters using a ruthenium complex of the ligand of fonnula TTT 



Fmn* 7^ifQ1/in/9nnQ 1R-/1Q 



Pmn-f rw »"71^ n rim 
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Several examples for asymmetric hydrogefiation of esters of fluorinated 3-oxbacids are 
presented, but hydrogenations of compounds of formula II are not disclosed. All 
fluorinated aliphatic 3 -hydroxy acid esters disclosed therein, like ethyl 4,4,4-trifIuoro- 
3-hydroxybutyrate, are obtainable only at moderate ee-levels in the range of 70 to 80%. 

5 

Regarding EP-A-0 850 945 in the light of the experimental results of WO 03/029259 it 
seemed very unlikely that transition metal complexes of 5,5-bis(diphenylphosphanyl)- 
2^',2 , -teti^uoro^4 , -bi|benzo-l^-dioxolyl] ligands of formula III (Ftuoxphos) would 
be suitable for the asymmetric hydrogenation of compounds of formula II. 

10 

Surprisingly the asymmetric hydrogenation of 4-chloro-3-oxobutyrates and 4,4,4-trichloro- 
3-oxobutyrates using ruthenium complexes containing the ligand of formula HI 
((~)-Fluoxphos and (+)-Fluoxphos) gives very high ee-levels. 

15 In a preferred embodiment R 2 is selected from the group consisting of methyl, ethyl, 
propyl, isopropyl, n-butyl and ferf-butyl More preferred R 2 is methyl ethyl or isopropyL 
Particularly preferred R 2 is methyl or ethyl. 

In another preferred embodiment R 2 is, optionally substituted, phenyl of naphthyl. 

20 

The hydrogenation is carried out with a catalyst solution in a polar solvent like 
CWalcohols, dimethylsulfoxide (DMSO), dimethylformamide (DMF), acetonitrile 
(MeCN) or mixtures thereof. Preferably the polar solvent is methanol, ethanol or isopropyl 
alcohol or a mixture thereo£ The solution may contain further solvent additives like 
25 dichloromethane. 

The catalyst solution can be prepared in situ by dissolving a ruthenium salt Ru n+ Y^ l , 
wherein n is 2 or 3 and wherein Vis Cr, Br, T, BF 4 ~ AsF 6 ~ SbF<f, PF 6 ~ C10 4 ~or OTf 
(trifiuormethane sulfonate or triflate) or another suitable counterion in a polar solvent and 
30 mixing with a suitable amount of the ligand of formula ED^ optionally further mixed wi^ 
least one stabilizing ligand. 

Alternatively, the catalyst solution can be obtained by mixing a catalyst precursor complex, 
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Le. a preformed ruthenium complex which already contains at least one stabilizing ligand, 
in a polar solvent with a suitable amount of further ligands. The catalyst precursor complex 
comprises at least one stabilizing ligand such as a diene, alkene or arene. In a preferred 
embodiment the stabilizing ligand is 1,5-cyclooctadieae (cod), norbomadiene (nbd) or 
5 /7-cymene (cym). Particularly preferred the stabilizing ligand is /7-cymene. 

In a further preferred embodiment the catalyst precursor complex comprises at least one 
chiral ligand of formula m (Fluoxphos). 

In a further particularly preferred embodiment the catalyst precursor complex comprises at 
least one polar solvent molecule as stabilizing ligand, such as dimethylsulfoxide (DMSO), 
10 dimetkylformamide (DMF) or acetonitrile (MeCN). 

Examples for catalyst precursor complexes containing such stabilizing ligands are 
[RuzCUCcym)^ [RuzB^cym)!], [RuCl(Fluoxphos)Cbenzene)]CI, 
[RuCl 2 (Fluoxphos)-DMF], [RuCl 2 (nuoxphos) DMSO] and [RujCUCcodii MeCN]. 

15 Furthermore, the catalyst solution can be obtained by dissolving a preformed chiral 
ruthenium complex which already contains all required ligands. 

Several ^ examples for generic 

catalyst solutions are disclosed in Ashworthi T. V- et al. S. Afr. J. Chem. 1987, 40, 183- 
20 188, WO 00/29370 and Mashrma, K. J. Org. Chenu 1994, 5P,3064-3076. 

In a preferred embodiment the catalyst precursor complex is prepared by m firing 
bis[(l-isopropyl-4-methylbenzene)dichloro ruthenium] of the formula [RnaCUCcymH with 
either the (~)-Fluoxphos or the (+)-Huoxphos ligand in a polar solvent 

25 

Preferably the metal salt Ru n+ Y^ 5 or the ruthenium complex is mixed with the chiral 
bidentate phosphine at a ratio of 1:5 to 5:1. More preferably the Ru/phosphine ratio is in 
the range of 12 to 2:1. Most preferably the Rp/phosphine ratio is 1:1. 

30 In a particular embodiment the counterion of the transition metal salt, the catalytic 

precursor complex and the ruthenium complex of the ligand of formula m is Cf, Br", F, 
BF 4 ~ AsF 6 ~ SbFr, PF 6 ~ C1CXT or OTf , more preferably CF, r or BF 4 " 



"71A r% /-v-^ 
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In a preferred embodiment the hydrogen pressure during the reaction is in the range of 
1 to 60 bar and more particularly preferred in the range of 2 to 35 bar. 

The hydrogenation can be carried out at a temperature in the range of 20 to 1 50 °C. 
5 Preferably the temperature is in the range of 70 to 130 °C. Particularly preferred the 
temperature is in the range of 80 to 120 °C. 

The present invention is illustrated by the following non-limiting examples. 
10 Examples: 
Example 1: 

Ethyl (5)'4-chloro-3-hydroxybutyrate (Formula <SH R 1 = CH 2 C1, R 2 = ethyl): 
In a 150 mL autoclave under argon atmosphere R11CI3 (102 mg, 0.049 mmol), 
15 (->5,5'-bis(cUphenylpto 

(Le. (-)-Fluoxphos) (34.2 mg, 0.050 mmol) and ethyl 4-chloro-3-oxobutyrate (0.81 g, 
4.9 mmol, approx. 98.5%) is dissolved in degassed ethanol (30 mL). After flushing the 
aiiiolilav^^ 

hydrogen pressure. After cooling to room temperature the reaction solution is directly 
20 analyzed by GC for conversion (column: HP-101 25 m/ 0SL mm) and enantiomeric excess 
(ee) (column: Lipodex-E 25 m / 0.25 mm). Conversion is 1 00% at an ee of 97.6%. 

Example 2: 

Ethyl (5)-4-chloro-3-hydroxybutyrate (Formula (5)4, R 1 = CBfeCl, R 2 = ethyl): 
25 In a 250 mL autoclave in an argon atmosphere bis[(l-isopropyl--4-methylbenTCne)dichloro 
ruthenium] (i.e. [TR^CU(cym)z]) (6.7 mg, 0.01 1 rrunol), (— )-Fluoxphos (16.0 mg, 
0.023 mmol) and ethyl 4-chloro-3-oxobutyiate (9-1 1 g, 54.5 mmol, approx. 98,5%) is 
dissolved in degassed ethanol (30 mL). After flushing the autoclave with argon 
hydrogenation is carried out during 23 hours at 90 °C and at 30 bar hydrogen pressure. 
30 After cooling to room temperature the reaction solution is directly analyzed by GC for 

conversion (column: HP-101 25 m / 0 2 mm) and ee (column: Lipodex-E 25 m / 0.25 mm). 
Conversion is 1 00% at an ee of 95.8%. 
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Example 3: 

Ethyl (i?>4-chloro-3-hydroxybutyrate (Formula (Kyi, R 1 = CH 2 C1, R 2 = ethyl): 
In a 1 L autoclave under argon atmosphere RuCl 3 (10.0 mg, 0.048 mmol), (+)-Fluoxphos 
(36.1 mg, 0.053 mmol) and ethyl 4-chloro-3-oxobutyrate (8.0 g, 48 mmol, approx- 98.5%) 
5 is dissolved in degassed efhanol (170 mL) and dichlorometnane (40 mL). After flushing 
the autoclave with argon hydrogenation is carried out during 90 minutes at 82 °C and at 
35 bar hydrogen pressure. After cooling to room temperature the reaction solution is 
directly analyzed by GC for conversion (column: HP-101 25 m / 6.2 mm) and ee (column: 
Lipodex-E 25 m / 0.25mm). Conversion is 100% at an ee of 97.8%. 

10 

Example 4: 

Ethyl (/t)^-cWoroO-hydroxvbutyrate (Formula (Kyi, R 1 = CHfeCl, R 2 = ethyl): 
In a 1 L autoclave under argon atmosphere [RnzC^codfcMeCN] (15.8 mg, 0.026 mmol,. 
prepared from RuCfc and 1 ,5-cyclooctadiene as disclosed in Ashworth, T. V. et al. 
15 S. Afr. J. Chem, 1987, 40, 183-188, (+)-Fhioxphos (36.1 mg, 0.053 mmol) and ethyl 

4-chloro-3-oxobutyrate (8.0 g, 48 mmol, apprpx. 98.5%) is dissolved in degassed ethanol 
(170 mL) and dichloromefhane (40 mL). After flushing the autoclave with argon 

tyflwgsi^^ 

After cooling to room temperature the reaction solution is directly analyzed by GC for 
20 conversion (column: HP-101 25 m / 0.2 mm) and ee (column: Lipodex-E 25 m/ 0.25 mm). 
Conversion is 100% at an ee of 97.3%. 

Example 5: 

Ethyl (5)-4-chloro-3-ikydxoxybu±yrate (Formula (S)-I, R 1 = CHfeCl, R 2 = ethyl): 
25 In a 1 L autoclave under argon atmosphere [Ru 2 Cl4(cym)2] (5.0 mg, 0.008 mmol, 
(— >Fluoxphos (12.1 mg, 0.018 mmol) and ethyl 4-chloro-3 -oxobutyrate (27.0 g, 
162 mmol, approx. 98.5%) is dissolved in degassed ethanol (340 mL) and dichloromethane 
(80 mL). After flushing the autoclave with argon hydrogenation is carried out during 70 
minutes at 110 °C and at 22 bar hydrogen pressure. After cooling to room temperature the 
30 reaction solution is directly analyzed by GC for conversion (column: HP-101 25 m / 
0.2 mm) and ee (column: Lipodex-E 25 m / 0.25 mm). Conversion is 1 00% at an ee of 
98.1%. 



: x«oi /in/orwv> ic-.ri 
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Example 6: 

Ethyl (5)-4-chloro-3-hydroxybirtyrate (Formula (S)-I, R 1 = CH 2 Ci, R 2 = ethyl): 
In a 1 L autoclave under argon atmosphere [RuI((-)-Fluoxphos)(cym)P (35 mg, 
0-030 mmol, prepared from (— )-Fluoxphos and [^JL^cynOd as disclosed in 
5 WO 00/29370, and ethyl 4-cMon>3-oxobutyrate (33.4 g, 200 mmol, approx. 98.5%) is 
dissolved in degassed ethanol (340 mL) and dicMoromethane (80 mL). After flushing the 
autoclave with argon hydrogenation is carried out during 170 minutes at 100 °C and at 
22 bar hydrogen pressure. After cooling to room temperature the reaction solution is 
directly analyzed by GC for conversion (column: HP-1 01 25 m / 0.2 mm) and ee (column: 
10 Lipodex-E 25 m / 0.25 mm). Conversion is 100% at an ee of 97,4%. 

Example 7: 

Ethyl (S)-4^Woio-3-hydbroxybutyrate (Formula (5)-L, R* » CH 2 C1, R 2 = ethyl): 

In a 1 L autoclave under argon atmosphere pRuCl((-)-Fluoxphos)(cym)]BF4 (23 mg, 

15 0*022 mmoL, prepared from (->FIuoxphos and {Ru 2 Cl 4 (cym)2] and AgBF4 as disclosed in 
Mashima, K., X Orgi Chenu 1994, 59 7 3064-3076, and ethyl 4-chloro-3-oxobutyrate (33.4 
g, 200 mmol, approx. 98.5%) is dissolved in degassed ethanol (340 mL) and 
dicMoromethane (80 mL). Aftef flushing the autoclave with argon hydrogenation is carried 
. out during 180 minutes at 100 °C and at 22 bar hydrogen pressure. After cooling to room 

20 temperature the reaction solution is directly analyzed by GC for conversion (column: HP- 
101 25 m / 0.2 mm) and ee (column: Lipodex-E 25 m / 0.25 mm). Conversion is 100% at 
an ee of 98.0%. 

Example 8: 

25 fer/-Butyl 4-chloro-3-hydroxybutyrate (Formula I, R 1 — CHfeCI, R 2 = tert-hxttyl): 

In a 150 mL autoclave under argon atmosphere [RuaCL^cymfe] (7.7 mg, 0.013 mmol), 
(+)-Fluo3Cphos (17.9 mg, 0.026 mmol) and ferf-butyl 4-cMoro-3-oxobutyrate (assay 96.9% 
by GC, 1.0 g, 52 mmol) is dissolved in degassed ethanol (30 mL). After flushing the 
autoclave with argon hydrogenation is carried out during 4 hours at 80 °C and at 4 bar 
. 30 hydrogen pressure. After cooling to room temperature the reaction solution is directly 
analyzed by GC for conversion (column: HP-101 25 m / 0.2 mm). Analysis for 
eaaaatiomejaG-exeess-is performed by *H-NMR using europrum(IH) tris[3-(trifluoromethyl- 
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hyctoxymethylene)-(+>-camphorate] as shift reagent and CDC1 3 as solvent Conversion is 
>99%. Yield is approx. 67% at an ee of one enantiomer of 93.2%. 

Example 9: 

Ethyl 4,4,4-1richloro-3-hydroxybutyrate (Formula I,K l - CC1 3 , R 2 = ethyl): 
In a 150 mL autoclave raider argon atmosphere [Ru2Cl4(cym)2] (7.6 mg, 0.012 mmol), 
(+)-Fluoxphos (17.8 mg, 0.026 mmol) and ethyl 4,4,4-trichloro-3-oxobutyiate (assay 97%, 
1.21 g, 5.2 mmol) is dissolved in degassed ethanol (30 mL). After flashing the autoclave 
with argon hydrogenation is carried out during 7.5 hours at 80 °C and at 4 bar hydrogen 
pressure. After cooling to room temperature the reaction solution is directly analyzed by 
GC for conversion (column.- HP-101 25 m / 0.2 mm). Conversion is 99% at an ee of one 
enamiomer of 95.3%. Analysis for enantiomeric excess is performed by *H-NMR using 
europium(III) tris[3-(frifluorome1hylhydroxymetliylene)-(+)-camphorate] as shift reagent 
and CDCI3 as solvent 



Comparative Example 1: 

Ethyl (o>4^Woro-3-hydroxybutyrate (Formula (Sy% R 1 = CH 2 C1, R 2 = ethyl): 

In a 250 mL autoclave in an argon atmosphere {TR.u 2 Cl4(cym) 2 ] (6.7 mg, 0.011 mmol), 

(-^^^(mphenylphosphanylM^'-bitbenzo-l^-^oxoIyl] (14.3 mg, 0.023 mmol) and 

20 euryl 4-chloro-3-oxobutyrate (9.10 g, 54.5 mmol, approx. 98.5%) is dissolved in degassed 
ethanol (30 mL). After flushing the autoclave with argon hydrogenation is carried out 
during 2.3 hours at 90 °C and at 30 bar hydrogen pressure. After cooling to room 
temperature the reaction solution is direcdy analyzed by GC fox conversion (column: 
HP-101 25 m / 0.2 mm) and ee (column: Lipodex-E 25 m/ 0.25 mm). Conversion is 100% 

25 at an ee of 89.5%. 



C^rs< — u.01 /in/onno ie»cn 
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Claims 

L Process for Hie preparation of enantiomericaUy pure (S> or 0R)-4-halo- 
3-hydroxybxttyrates of formula 



r 



OH Q 

(5)-I or l II (*H 



wherein R 1 is CH2X3 CHX 2 or CX 3 and X independently represents. CI and/or Br and 
wherein R 2 is Ci-6-alkyl, Ca^-cycloalkyL, aryl or aralkyl, each aryl or aralkyl being 
10 optionally further substituted with one or more Ci-4-alkyl groups and/or halogen 

atoms, 

which process comprises the asymmetric hydrogenation of 4-halo-3-oxobutyates of 
formula 



JU. 



is il il n, 

OR 2 

wherein R 1 , R 2 and X are as defined above 

in the presence of a catalyst of a ruthenium complex comprising a chiral ligand of 
formula 

20 



HI. 



25 

2. The process of claim 1 , wherein the ruthenium complex comprising aligand of 
formula III comprises at least one diene, alkene or arene or polar solvent molecule as 
stabilizing ligand. 

30 

3. The process of claim 1 or % wherein the ruthenium complex comprising a ligand of 
formula DI comprises at least one molecule of 1,5-cyclooctadiene or ^cymene as 
stabilizing ligand 
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4. The process of one of claims! to 3, wherein the hydrogenation is earned out in a 
solution comprising a polar solvent selected from the group consisting of 
Q-4-alcohols, dimetfiyisulfoxide, dimethylfonnamide, acetonitrile and mixtures 

5 thereof, wherein the solvent optionally contains further solvent additives. 

5. The process of any one of claims 1 to 4, wherein the counterion of the ruthenium 
complex is selected from the group consisting of CI", Br~, I", BF<T, AsF<f, SbF 6 ~ 
PFAClOrandOTf-. 

10 

6. The process of any one of claims 1 to 5, wherein the ru&enium complex is prepared 
by mixing the complex of formula IRuaCLtfcymk) with me Fluoxphos ligand in a 
polar solvent 

15 7. The process of any of claims 1 to 6, wherein the hydrogen pressure during the 
reaction is in the range of 1 to 60 bar and preferably in the range of 2 to 35 bar. 



Fiwv* t 0 ; +-01 /m/orm ic-co 
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Abstract 

Process for the preparation of enantiomerically pure (S)- or (i?)-4-halo-3 -by droxybutyrates 
of formula 

5 OH Q 

(Syi or = II (*)-!, 



OR 2 




wherein R 1 is CH 2 X, CHX 2 or CX 3 and X independently represents CI and/or Br and 
wherein R 2 is CWalkyl, C 3 ^-cycloalkyl, aryl or aralkyl, each aryl or araUcyl being 
10 optionally further substituted with one or more Ci-4-alkyl groups and/or halogen atoms, by 
asymmetric hydrogenation of 4-halo-3-oxobutyric acid esters of formula 



O O 



OR 2 



1 5 wherein R 1 , R 2 and X are as defined above 

in die presence of a catalyst of a ruthenium complex comprising a chiral ligand of the 
formula 



20 




HI. 



25 



30 



BaseL October 30, 2003 
Dr. B. Gallasch 
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